The nature of integrated viral DNA in normal and leukemic chicken cells has been studied by sequential nucleic acid hybridization procedures that localize the viral specific DNA in cellular DNA regions differing in reiteration frequency. First, DNA-DNA reassociation was employed to fractionate cellular DNA sequences according to their reiteration frequencies. Next The replication of avian myeloblastosis virus (AMV) and other RNA tumor viruses proceeds through a DNA intermediate (i.e., the provirus) (1). This viral specific DNA becomes covalently linked to the cellular genome in transformed chicken cells (2, 3). Normal chicken cells also contain, in lesser amounts, DNA sequences that represent endogenous oncornavirus information partially homologous to AMV RNA (4-6). The observation that some normal chicken embryo cells can be induced to release subgroup E avian leukosis virus suggests that the DNA detected by molecular hybridization in these cells codes for an entire endogenous RNA virus (7). Qualitative and quantitative differences between viral DNA in normal and transformed cells indicate that transformed cells acquire viral specific sequences in addition to those present prior to infection (3, 6, 8, 9, 25) .
The replication of avian myeloblastosis virus (AMV) and other RNA tumor viruses proceeds through a DNA intermediate (i.e., the provirus) (1) . This viral specific DNA becomes covalently linked to the cellular genome in transformed chicken cells (2, 3) . Normal chicken cells also contain, in lesser amounts, DNA sequences that represent endogenous oncornavirus information partially homologous to AMV RNA (4) (5) (6) . The observation that some normal chicken embryo cells can be induced to release subgroup E avian leukosis virus suggests that the DNA detected by molecular hybridization in these cells codes for an entire endogenous RNA virus (7) . Qualitative and quantitative differences between viral DNA in normal and transformed cells indicate that transformed cells acquire viral specific sequences in addition to those present prior to infection (3, 6, 8, 9, 25) .
The integration of viral sequences in bacterial and mammalian DNAs indicates the general nature of this phenomenon (2, 3, (10) (11) (12) (13) (14) (15) (16) (17) (18) . In Escherichia coli both site-specific and random integration have been detected (10, 11) . In mammalian cells, the DNA of simian virus 40 appears to be associated with the nonreiterated fraction of cell DNA, while herpes simplex 2 virus DNA seems to be integrated in the reiterated portion of the host DNA (16, 18) . 2.7 X 106 daltons (35S subunit), the unit of integration were 10.8 X 106 daltons, equivalent to 4 subunits possibly representing 70S species, the end fragments would represent only 12% of the proviral unit, while the internal fragments would compose 88% of the viral information.
The proviral DNA sequences associated with the end fragments will be influenced by the adjacent cell DNA only if the adjacent cellular DNA region is more reiterated in the genome than the proviral DNA sequences. In such a case, the extent to which the viral DNA reassociation is accelerated will then depend upon the reiteration of the adjacent cellular DNA. Finally, the reassociation rate of the internal fragments that consist entirely of viral DNA will be determined by their own reiteration frequency, which may or may not correspond to the number of viral genome equivalents per cell genome.
The reassociation of viral sequences was followed by measuring the amount of viral DNA that remained single-stranded after various time intervals of DNA-DNA renaturation. Cot of 1, indicating the absence -of highly reiterated viral DNA.
When normal cell DNA fragmented to a size of 1.36 X 106 daltons was examined, a distinct perturbation in the reassociation kinetics of virus-specific DNA sequences was observed (Fig. 4) . The larger size of the DNA fragments caused a major portion of the viral sequences to renature rapidly. The observed drop beginning at a Cot of 0.01 indicates the renaturation of sequences reiterated approximately 1200 times. Since rapid renaturation did not occur with sonicated DNA (Fig. 3) , the larger 15S DNA fragments must have contained reiterated cellular sequences as well as viral sequences. The second order kinetics of the accelerated renaturation suggest that the reiterated cellular sequences covalently linked to viral DNA belong to a family of sequences that renature at a Cot,/, of 0.28 and correspond to a reiteration frequency of 1200. These findings indicate that the proviral sequences are integrated next to reiterated cell DNA and that there is a restriction (i.e., to a given class of reiterated cell sequences) in the site at which viral information may be located. If DNA sequences complementary to the viral RNA had been integrated into the unique regions of the cellular genome, they would have reassociated at a much lower rate and a theoretical curve such as that shown by the broken line (curve 1) in Fig. 4 would be expected.
Further analysis of Fig. 4 yields information on the size of the integration unit. As seen between Cots 10-500, the curve plateaus out at approximately one-third of the initial total radioactivity, corresponding to a loss of two-thirds of the viral information from the single-stranded DNA. The fraction of integrated viral sequences that will remain attached and reassociate with adjacent cellular DNA will depend upon the size of the integration unit, as illustrated in Fig. 2 . If the proviral DNA in normal cells exists as integrated segments equivalent to the 35S viral RNA subunit, a theoretical curve can be estimated from the reassociation of 15S DNA fragments (Fig. 4, curve 2) (6) . Fig. 5 shows two theoretical curves based on the possible locations of the new viral DNA sequences. Curve 1 represents the results expected if all the proviral subunits were integrated as single 35S DNA equivalents next to reiterated cell DNA in a fashion identical to the integration of the endogenous viral sequences in normal DNA (Fig. 4) Fig. 3 with DNA fragments of 2.1 X 106 daltons. Zero Cot controls hybridized 2538 4-177 cpm/100 ug. According to the assumptions in Fig. 4 , the range of frequency estimation will be 2700-6000 for the rapidly depleted sequences. Lower theoretical curve (1) The presence of endogenous viral specific DNA in uninfected chicken cells complicates the analysis of the reassociation data obtained with DNA from leukemic cells infected by AMIV. The results show a composite effect of both types of proviral DNA and their interpretation must be qualified by the following considerations. Infection with AMV results in a two-to six-fold increase in virus-specific DNA per cell (24) . If the endogenous DNA sequences do not shift in position and are not replaced by AMY, the difference in renaturation patterns of normal and leukemic DNAs can be attributed to the new DNA sequences synthesized after infection with AMV.
The fraction of viral DNA remaining single-stranded obtained with leukemic DNA between Cots 10-' and 102 is much higher than would be expected if the exogenous sequences had become linked to repetitive DNA in a manner similar to their endogenous counterparts. Again, from the fraction of viral DNA remaining denatured at the plateau, the size of the integration unit can be calculated to be 5.3 X 106 daltons. This is equivalent to two 35S RNA subunits, suggesting that the newly synthesized viral DNA sequences may integrate in tandem with preexisting endogenous DNA sequences. An alternative explanation is that the new DNA sequences integrate in the unique region of the host DNA.
Both alternatives would yield similar-results with the size of DNA fragments used.. These findings also suggest a potential method for localizing genes within the DNA of eukaryotes by the use of sequential molecular hybridization, providing a purified population of complementary RNA or DNA molecules is available. 
